The complete nucleotide sequence of a Polish isolate of Beet soil-borne virus was determined for the first time. The genome organization was identical with those previously established for isolates from Germany and China. A comparison of the Polish isolate with others deposited in GenBank reveled high level of nucleotide identity, about 98-100%, throughout the genome analyzed. The ratio between non-synonymous and synonymous substitutions was rather low suggesting a negative selective pressure. The non-synonymous mutations were particulary frequent in triple gene block.
InTroduCTIon
Beet soil-borne virus (BSBV) is a poorly characterized rod-shaped virus of sugar beet originally described by Ivanović and Macfarlane (1982) . First detect in the United Kingdom, BSBV was then reported in many European countries as well as the United States (Meunier et al., 2003) . In the Middle East, BSBV was described in Iran (Farzadfar et al., 2002) and Syria (Mouhanna et al., 2002) . In 2006 BSBV was reported for the first time in Poland (Borodynko et al., 2006) . At the same time the virus was found in China (Wang et al., 2007) . BSBV has a tripartite genome consisting of three positive-sense RNA molecules.
The virus has a narrow host range restricted to Beta vulgaris and is transmitted by Polymyxa betae. Many other soil-borne viruses are known to infect sugar beet (B. vulgaris L. ssp. vulgaris) worldwide, such as Beet necrotic yellow vein virus (BNYVV) and Beet virus Q (BVQ). It has been shown previously that BSBV, BVQ and BNYVV are widespread in Poland and often occur in mixed infection (Mazowsze, Dolny Śląsk) (Borodynko & Pospieszny, 2007) . The Polish BSBV isolate described in this paper was obtained from a sugar beet plant from the Wielkopolska region where the virus occurred separately. A low level of genetic diversity among the Polish isolates of BNYVV, BSBV and BVQ viruses was before noticed (Borodynko et al., 2009) . Although BSBV is spread worldwide, the information on its complete genome sequence and genetic diversity is limited. So far, only the complete sequences of a German isolate (BSBV-G) and two Chinese (BSBV-XJ and BSBV-IM) isolates have been determined (Koenig et al., 1996; Wang et al., 2008) .
Studies of the genetic structure and diversity of viruses are of a practical interest in the development of strategies for the control of viral diseases. In the case of RNA plant viruses, knowledge of their genetic diversity is important for efforts to breed for host resistance.
Here, we report the complete nucleotide sequence of the first Polish BSBV isolate and a se-quence analysis indicating low level of genetic diversity.
MATerIAls And MeThods
Total plant RNA was obtained from sugar beet roots ground in liquid nitrogen and then extracted with hot phenol/chloroform. This approach allows us to obtained a total RNA concentration of about 3 µg/µl. Overlapping RT-PCR products covering all of RNAs 1, 2 and 3 were obtained with own primer pairs designed on the basis of the previously published sequence of a German BSBV-G isolate. We were not able to obtain any PCR products with primers described previously for the BSBV-G isolate. For determining the 5' terminal sequences of RNAs the 5' RACE system was used (Invitrogen). The PCR fragments were purified from agarose gel and cloned into the pGEM-T Easy vector or sequenced directly. The complete sequence was established using BioEdit program (Hall, 1999) and deposited in the GenBank database under accession numbers: FJ971717-FJ971719. Confidence estimates for non-synonymous (amino-acid-replacing) (dNS) and synonymous (silent mutational) (dS) nucleotide substitutions were calculated by using the bootstrap method with 1 000 replicates.
resulTs And dIsCussIon
The complete sequence of RNA 1, 2 and 3 of BSBV-PL consisted of 5834, 3454 and 3005 nt respectively. The genome organization was identical to that of BSBV-G, BSBV-IM, and BSBV-XJ. The problems with obtaining PCR products with primers described previously suggested some genetic diversity between the BSBV isolates, however, the subsequent comparison did not confirm it.
The comparison of the Polish BSBV genome sequence to the German and Chinese isolates reveled 98.1-98.8% for RNA 1, 98.4-98.5% for RNA 2 and 97.1-97.8% for RNA 3 identity at the nucleotide level, and 98.8-99.3% (RNA 1), 98-98.2% (RNA 2) and about 97% (RNA 3) identity at the amino acid level. The most conserved second gene of the triple gene block of BSBV-PL shared 97.4-98.2% sequence identity with other BSBV isolates, where BSBV-XJ and BSBV-IM showed 100% amino-acid sequence identity. The comparisons showed that BSBV-PL is more similar to the two Chinese isolates then to BSBV-G. RNA 1 and RNA 2 of all BSBV isolates were rather conserved although we noticed some non-synonymous mutations, mostly, preserving the chemical properties of encoded amino acids. However, in RNA 1 of BSBV-G we found substitutions in comparison with BSBV-PL, BSBV-IM and BSBV-XJ sequences resulting in very rare amino acid changes: serine in BSBV-G to cysteine in others or tryptophan to glycine. We suppose these differences could be due to sequencing mistakes. The most variable was RNA 3. In the N-terminal part of TGB1 protein we noticed a few amino acids changes, TGB2 and TGB3 were more conserved. Highly variable was also the 3' end of RNA 3. The nucleotide sequences corresponding to putative BSBV coding regions were aligned and used to estimate genetic distances between each pair of isolates. Values of genetic distances at synonymous positions between pairs of isolates for all RNA 1 and RNA 2 coding regions ranged from 0 to 0.049. Higher values were only obtained for RNA 3. Sequence analysis confirmed that all BSBV isolates identified to date are closely related to each other and considerably conserved especially in the case of RNA 1 and RNA 2. We can identify some regions in BSBV RNA 3 which are more variable, like the 5' end of TGB1 and the 3' end of RNA including part of TGB3 gene and 3' UTR. Understanding of the distribution of genetic diversity among individuals, populations and gene pools is crucial for efficient management of germplasm collections and breeding programs. Although many environmental factors can exert evolutionary constraints on viruses, the host plant is believed to be one of the most important. The limited host range may be related to the levels of diversity. It has been shown before that genetic diversity of RNA viruses is controlled by host-virus interactions and the quasispecies cloud size remains constant as long as the virus is maintained on a given host (Schneider & Roossinck, 2001) . In Spain, the whitefly-transmitted Cucumber vein yellowing virus infects cucumber crops that generally overlap throughout the whole year, providing stable ecological conditions for the virus, vector, and host plant interaction as the predominant selection pressure that may contribute to genetic stability (Janssen et al., 2007) .
Genetic bottlenecks are evolutionary events that reduce genetic variation of a population and may occur at different points during the life cycle of plant RNA viruses. Recently, genetic bottlenecks have been shown experimentally in a plant virus population during systemic movement within the plant and horizontal transmission from plant to plant by vectors (French & Stenger, 2003; Ali et al., 2006) . Similarly, one may expect that the transmission of BSBV by P. betae can impose a bottleneck and reduce the genetic variation of the virus population.
The overall variability observed in BSBV worldwide suggests high genetic stability that could be explained, at least in part, by the ecological bottleneck in which host plants and vectors are continuously maintained.
